The ARF (ADP-ribosylation factor) family of small GTPases regulate intracellular membrane trafficking by cycling between an inactive GDP-and an active GTP-bound form. Among the six known mammalian ARFs (ARF1-ARF6), ARF6 is the least conserved and plays critical roles in membrane trafficking and cytoskeletal dynamics near the cell surface. Since ARFs have undetectable levels of intrinsic GTP binding and hydrolysis, they are totally dependent on extrinsic GEFs (guanine nucleotide-exchange factors) for GTP binding and GAPs (GTPase-activating proteins) for GTP hydrolysis. We have recently isolated a novel KIF (kinesin) motor protein (KIF13B) that binds to centaurin-α 1 , an ARF6GAP that binds to the second messenger PIP 3 [PtdIns(3,4,5)P 3 ]. KIFs transport intracellular vesicles and recognize their cargo by binding to proteins (receptors) localized on the surface of the cargo vesicles. Identification of centaurin-α 1 as a KIF13B interactor suggests that KIF13B may transport ARF6 and/or PIP 3 using centaurin-α 1 as its receptor. This paper reviews the studies carried out to assess the interaction and regulation of centaurin-α 1 by KIF13B.
important role in many cellular functions such as glucose uptake, vesicle trafficking, cell adhesion and cell secretion by acting as a site-specific signal for recruitment and/ or activation of cytosolic proteins at the plasma membrane [7, 8] .
Centaurin-α 1 [also known as p42IP 4 BP (inositol tetrakisphosphate-binding 42 kDa protein) or PIP 3 BP] is a brainenriched protein. It was originally purified using the affinity columns of PIP 3 , IP 4 [Ins(1,3,4,5)P 4 ] and PIP 3 inositol head group, and characterized as a PIP 3 /IP 4 -binding protein [5, 9, 10] . Centaurin-α 1 is expressed mainly in the neurons of hippocampus, cortex, cerebellum and hypothalamus [11] . It is up-regulated in neurons of patients with AD (Alzheimer's disease) [12] . Moreover, it interacts with the protein kinase CKIα, which hyperphosphorylates β-amyloid precursor protein in the brains of AD patients [13] . However, the significance of increase in centaurin-α 1 protein expression in terms of AD pathology is unknown. We have previously shown that the green fluorescent proteintagged centaurin-α 1 translocates in a PIP 3 -dependent manner from the cytosol to the plasma membrane, indicating that centaurin-α 1 can function as a PIP 3 BP in intact cells [14] . Centaurin-α 1 has an N-terminal ZF (zinc-finger) motif containing the ARFGAP domain followed by two PH (pleckstrin homology) domains that are required for PIP 3 binding [14] . Centaurin-α 1 localizes to the cytosol and nucleus presumably because the N-terminal half of the ZF motif contains a nuclear targeting signal [9, 15] .
Since ARFs regulate membrane trafficking at multiple sites within the cell and the ARFGEFs and ARFGAPs outnumber ARFs, an emerging theme is that these ARF regulators contribute to the site-specific regulation of ARFs [16] . The ARF regulators do so by recruiting themselves to specific intracellular locations by binding to particular lipids and proteins. We, and others, have recently characterized the PI (phosphatidylinositol) lipids and ARFGEF-binding proteins that are involved in the recruitment and regulation of the ARFGEFs [3, 4, 17] . PIs such as PIP 2 [PtdIns(4,5)P 2 ] and PIP 3 play vital roles in the regulation of recruitment and activity of ARFGAPs such as centaurin-α 1 , ARAP1-ARAP3, GIT1 (G-protein-coupled receptor kinase interacting target 1), and centaurin-β isoforms [4] . The protein interactors for ARFGAPs are also important for the regulation and recruitment of ARFGAPs to specific sites within the cell. For example, the KDEL receptor, ERD2 (endoplasmic reticulum retention-defective complementation group 2), interacts with the GAP for ARF1 and thereby regulates recruitment of cytosolic ARF1GAP to the Golgi [18] . Centaurin-β family ARFGAPs recruit to focal contacts and regulate cell movement by associating with Pyk2 (proline-rich tyrosine kinase 2) and FAK (focal adhesion kinase) tyrosine kinases, and the focal adhesion AP (adaptor protein) paxillin [18] . Intriguingly, GIT1 regulates cell adhesion by recruiting to focal contacts through interaction with PIX (a RhoGEF), FAK and paxillin [18] . In neuronal cells, GIT1 plays an important role in the organization of cytoskeletal actin at active zones, which are implicated in defining neurotransmitter release sites, by forming a complex with piccolo, βPIX (a RhoGEF), FAK and paxillin [18] . We have recently identified a novel KIF (kinesin) motor protein, termed KIF13B, as a binding partner for centaurin-α 1 and examined how and where the complexes form within the cell in an attempt to further understand the cellular functions of centaurin-α 1 in vivo [19] . Centaurin-α 1 directly interacts with the stalk domain of KIF13B through its GAP domain and this interaction is essential to maintain its localization at the leading edges of the cell. Moreover, KIF13B negatively regulates the ARF6GAP activity of centaurin-α 1 in vivo. Together, these studies suggest that centaurin-α 1 -KIF13B may provide a means for concentrating centaurin-α 1 at the leading edges of the cell where it regulates ARF6 activity [19] .
The KIFs are a superfamily of microtubule-associated motor proteins that mediate intracellular vesicle and organelle transport, and cell division [20] . These motor proteins utilize the energy generated from ATP hydrolysis to transport intracellular vesicles and organelles along microtubules. KIFs possess a conserved motor domain of approx. 350 amino acids, which is responsible for microtubule binding and ATP hydrolysis. Although the mechanism underlying the selective targeting and specific recognition of the cargo by KIFs is not yet clear, it has been hypothesized that KIFs recognize their cargo by binding to proteins localized on the surface of the cargo vesicles [21] . There are currently two members in the KIF13 family of monomeric motor proteins, KIF13A and KIF13B. KIF13A is a microtubule plus end-directed motor protein and therefore it carries cargo in the anterograde direction, from cell centre to the cell periphery. KIF13A carries cargo vesicles containing the AP-1 complex and the M6PR (mannose 6-phosphate receptor) from the trans-Golgi network to the plasma membrane by associating with M6PR via the AP-1 complex [22] . KIF13B has an N-terminal motor domain, a large stalk domain and a putative CAP-Gly (where CAP stands for cytoskeleton-associated protein) domain at the C-terminus [23] . KIF13B interacts with the MAGUK (membrane-associated guanylate-kinase) family of proteins, including hDlg (human homologue of Drosophila discs large tumour), and PSD-95 (post-synaptic density-95), and centaurin-α 1 via the non-overlapping regions of the N-terminal regions of the stalk domain [23] . In MDCK (Madin-Darby canine kidney) cells, overexpression of KIF13B has been shown to induce a long process of structures and accumulate together with endogenous hDlg at the tip of these projections [24] . Since centaurin-α 1 interacts with PIP 3 and acts as an ARF6GAP, KIF13B may transport ARF6 and/or PIP 3 by using centaurin-α 1 as bait. Dictyostelium KIF1A/Unc104, closely related to KIF13B, transports PIP 2 -containing lipid vesicles along microtubules in vitro by binding to PIP 2 via its PH domain, suggesting that it can recognize and transport PIP 2 -containing vesicles in vivo [25] . However, KIF13B interacts with neither PIP 3 nor ARF6 GTP on its own [19] . Although PIP 3 is thought to localize to the inner leaflet of the plasma membrane, it has recently been demonstrated that the production of intracellular PIP 3 is triggered by receptor endocytosis [26] . Taken together, these observations suggest that the interaction between centaurin-α 1 and KIF13B represents an important connection between ARF6 and/or PIP 3 trafficking and a KIF motor protein.
Although PIs, small GTPases such as ARF6, and KIF motor proteins are vital for membrane trafficking, the molecular mechanisms linking these components have not been well characterized. Since KIF13B inhibits the ARF6GAP activity of centaurin-α 1 , a specific regulatory mechanism (e.g. phosphorylation) after reaching the target site could dissociate centaurin-α 1 from KIF13B, allowing centaurin-α 1 to inactivate ARF6. Centaurin-α 1 interacts with both CKIα and PKC (protein kinase C) but is only phosphorylated by PKC, whereas KIF13B is phosphorylated by several unidentified kinases [13, 23, 27] . In this respect, it is worth mentioning here that PIP 3 , ARF6 and PKC isoforms have been shown to concentrate at the leading edges of the cell surface in order to regulate cell adhesion and migration, which are essential for a wide variety of physiological and pathological processes, including embryogenesis, wound healing and tumour metastasis [28, 29] . Based on these observations, we hypothesized that the centaurin-α 1 -KIF13B interaction is functionally important for the trafficking of ARF6 and/or PIP 3 and this interaction is controlled by phosphorylation. Experimental approaches to address this hypothesis are currently in progress.
